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1 Introduction
The king oyster mushroom (Pleurotus eryngii) is a delicious mushroom with a large market potential (personnel communication Banken Champignons B.V.). Most fresh products in Europe are imported from the Republic of Korea and an improved production system will help to increase the local production. This also includes the use of varieties with an improved yield and quality. Next to the production of edible mushrooms, this species can also be used to upgrade lignocellulose materials. The king oyster mushroom is a white rot fungus that can degrade lignin selectively in lignocellulosic materials (degradation of lignin while hardly any cellulose is degraded; (Tuyen et al. 2013 ). This will facilitate the access to the polysaccharide cellulose, a source for the generation of bioenergy and bioplastics. In addition, the selective removal of lignin with a white rot fungus increases the digestibility for ruminants ((Kuijk 2016) ) and when for this purpose white rot fungi are used that produce edible mushrooms, the treated substrate is generally considered as safe (GRAS) and thus suitable as an animal feedstock. These arguments also accounts for the shiitake mushroom (Lentinula edodes). Shiitake is less produced in the Netherlands but has proven to be an interesting species for selective removal of lignin in lignocellulose biomass ((Kuijk 2016) .
Most research done on selective degradation of lignin by white rot fungi has been directed to screening of fungal species and substrate combinations. Hardly any research has been done to evaluate the performance of strains within one species. Pleurotus eryngii forms a species-complex of fungi growing on roots and lower stem residues of Apiaceae (umbellifers) plants (Zervakis et al. 2014 ) and found in many part is the world. The fungal collection of Wageningen UR Plant Breeding (WUR-PB) contains a large number (156) of strains assigned to this complex and a proper genotyping of these strains have not been done so far. The collection also contains a large number of shiitake strains (99) which have been collected in the last 40 years by exchanging strains with other collections, sampling from commercial spawn or gifts from third persons. The genetic variation within this species is also not known well. The project has thus first evaluated the genetic diversity within these two species in order to make a selection that represent the genetic variation for each species. The selection of P. eryngii has subsequently been evaluated for the selective degradation of lignin in Miscanthus and in wheat straw. The fibre content of the treated wheat straw has been analysed and the effect of this treatment on the digestibility by ruminants by using a in vitro gas production model (IVGP).
A small sample of 3 L. edodes strains have been pre-tested on 2 Miscanthus varieties that differ in lignin content. This is done before we will evaluate a large set of strains on lignin degradation in Miscanthus. A good performance (high lignin degradation in combination with a low cellulose degradation) makes a strain useful for upgrading lignocellulose but might also benefit the production of fruiting bodies. Degradation of lignin enhances the access to polysaccharides and can thus potentially improve also mushroom yield.
Materials & Methods
All strains from the Pleurotus eryngii (156 strains) and Lentinula edodes have been grown on MMP medium as described before (Sonnenberg et al. 1996) and freeze dried mycelium was used to extract DNA as described in Sonnenberg et al, 2016 (submitted) . (Sonnenberg et al. 2016) . The DNA samples of the P. eryngii were subsequently used a low complexity sequencing method. The SNP detected were combined in sequence strings and aligned with CLC Main Workbench version 7.6.2. The alignments were exported as a NWK files and used to generate dendrograms (Archeopteryx version 0.972; (Han and Zmasek 2009) ). The L. edodes strains were genotypes with AFLP as described in Terashima et al. (Terashima et al. 2002) .
Each strain and time point for P. eryngii on wheat straw was done in duplicate using plastic trays (http://www.microbox-container.com/) filled with ca. 250 gr wheat straw.
Three different Miscanthus varieties varying in lignin content and one wheat straw variety were used.
The fungal treatment of these materials was done as described in Kuijk et al. (2016) . The effect of fungal pretreatment on the digestibility of wheat straw was tested as described by Kuijk et al 2016 (Kuijk 2016) . In short, samples were freeze dried after fungal pretreatment and used in a glass vial filled with a sample of ruminant fluid from a cow and flushed with N2 gas to generate an anaerobic environment. The vials were incubated at 37 oC and gas productions were measured during 72 hours and used to calculate the increase in gas productions by the fungal treatment as a measure for the increase in ruminant digestibility. Results
3.1
Genotyping the WUR-PB collection of Pleurotus eryngii species-complex.
Of the 156 strains, 140 generated DNA of sufficient quality to be used for genotyping by a low comoplexity sequence mthodology. This method generated sequences of sufficient quality for 378 SNP (≤ 20% missing data per locus). The collection contains a large set of strains isolated from the wild in Iran (Behnamian et al., 2010) (Behnamian et al. 2010) . were collected in two regions of Iran (Behnamian et al., 2010) . Genotyping was done with GBS.
to have evolved independently in China. Finally, a group was identified collected in Sicily (Italy) and reported to represent possibly P. eryngii var. elaeoselini (Venturella et al 2000) (Venturella et al. 2000) . The genetic variation in the collection shows clearly the potentials for breeding, although an evaluation of variation in useful phenotypes have to be done. 
Degradation of Miscanthus by two P. eryngii strains
In the initial proposal we intended to test a selection of strains of P. eryngii on 2 different varieties of
Miscanthus with low and high lignin content. In another project, however, it appeared that the strain of P. eryngii tested did not grow well on Miscanthus and showed hardly degradation of lignin. As a preliminary test we, therefore, selected 2 strains and analysed the degradation of Miscanthus at two time points, after 4 and 7 weeks. Both strains growth very thin on the substrate and the fibre analysis showed now significant degradation of the different fibres (figure 3). For the subsequent experiments we switch therefore to wheat straw since previous experiments have shown that P. eryngii can grow well on this substrate. 
Influence of fungal pretreatment (P. eryngii) on digestibility of wheat straw
To test the influence of the fungal treatment on the digestibility of wheat straw by ruminant, the in vitro gas production (IVGP) system was used as described in M&M. A large variation was seen in the gas production after 3, 6 and 9 weeks of fungal treatment. After 9 weeks of pretreatment some strain did not improve gas production at all whereas some increased gas production with almost 30%. The variation in duplicates were large resulting in many treatments not differing significantly (Table 2A) .
As expected, the differences in gas production correlates with the fibre content of the treated wheat straw. The lignin content of the wheat straw is negatively correlated with the IVGP. That means that removal of lignin enhances the accessibility of the polysaccharides. As expected, we found a positive correlation between the cellulose content and IVGP. The higher the cellulose content the higher is the IVGP. That accounts also for the content of hemicellulose. The pretreatment might have a multiple effect: removing lignin and making polysaccharides more available, increasing the concentration of polysaccharides and enhancing the degradability of crystalline cellulose. The latter might be the result of the unspecific action of radical molecules generated by the fungus resulting not only in a degradation of lignin but also etching crystalline cellulose enabling endocellulase to attack crystalline cellulose.
Three Lentinula edodes strains on two Miscanthus varieties
As a preparation on an extended test of shiitake strains on Miscanthus, two Miscanthus varieties were incubated with 3 different L. edodes strains. The first variety (E192) has a lignin content of approximately 9.3% and the variety E199 has a lignin content of ca. 7.4%. Incubation periods were 4 and 7 weeks and each treatment carried out in duplicate. As seen with P. eryngii on wheat straw, here also a decrease in lignin content accompanies a decrease in hemicellulose and an increase in cellulose content ( figure 7 ). There is a significant decrease in lignin content with all shiitake strains with both Miscanthus varieties after 7 weeks of incubation (Table 3) . Although statistical analysis is difficult to perform on samples changing in time, it seems that strain MES 02079 performs less than the other two strains indicating that there is an effect of the genotype of the shiitake strain. The effect of the lignin content in the extend of lignin degradation and enrichment in cellulose seems negligible. It is expected that changes will be larges when the incubation period is extended to 9 weeks (Kuijk 2016). 
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Conclusion
The strains of Pleurotus eryngii and Lentinula edodes of the plant breeding collection represent a large genetic variation. The strains of P. eryngii cluster in groups that show within each group a limited variation. That is partly due to the sampling in small areas in Iran and due to the fact that the commercial varieties are very similar. The latter is common practise in the mushroom industry where breeding is hardly done and when applied, usually selections are made from multispore cultures that obviously will lead to similar genotypes. In contrast, the genetic variation within the Lentinula edodes collection is large. Also the commercial lines used are scattered over the whole dendrogram. This is consistent with the finding that yield, mushroom shape and qualities are also very different between cultivars.
The king oyster mushroom is performing less in selective lignin degradation than other white rot fungi but the genetic variation and the variation in lignin degradation indicates that this species can be improved by breeding. Such breeding program might also improve the utilisation and thus yields in mushroom production. It might also be interesting to grow this species on other lignocellulose materials and see if it performs better on these sources. Figure 2A . The 6 strains in reducing lignin content in wheat straw after 9 weeks represent isolates from Iran and show a large genetic variation (orange circles). Strains with a low lignin reduction are nebrodensis and tuolienis varieties. These are strains that take long incubation time for colonisation of substrate and a cold shock before producing fruiting bodies. Table A1 . Fibre analysis of wheat straw samples after treatment with different strains of P. eryngii.
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